Introduction
American Indians and Alaska Natives (AIAN) represent 2.6 percent of the US population (1) . Nationwide, the AIAN population is more likely than the general population to be poor, unemployed, and to not have a college degree (2) . Consequently, significant health disparities exist between the AIAN population and the general population. Methods to address these disparities in health and health care access through targeted intervention have been developed and tested for many conditions. However, intervention methods to address oral health disparities, specifically, have been minimal. AIAN children are disproportionately burdened by dental caries (3) . The 2014 Indian Health Service (IHS) Oral Health Survey revealed that the proportion of AIAN children ages 3-5 years old with untreated decay was more than three times higher than other US children (43 versus 14 percent), based on estimates obtained from the 2009 to 2010 National Health and Nutrition Examination Survey (NHANES) (4) . While caries prevalence in the United States has declined over the past two decades, early childhood caries (ECC) prevalence has been persistently high in AIAN children nationally (5, 6) . Additionally, the birth rate among AIAN women between the ages of 15-24 years is reportedly higher than that of the US general population of women in this age group, indicating an increasing population of young children at risk for dental disease (7) .
Fourteen percent of all US AIAN live in California. According to the 2010 Census, California has more AIAN residents than any other state (1) . Nearly 2 percent of California residents self-identify as AIAN, half of whom identify as AIAN only and the other half identify as AIAN in combination with one or more other races. Similar socio-economic disparities exist in California, compared to the general population, along with the consequential health disparities (8) . In particular, ECC prevalence in California among AIAN children in tribal communities and tribal Head Starts remains disproportionately high. The 2010 IHS Oral Health Survey of AIAN Preschool Children found that 8.5 percent of AIAN children 2-5 years old in California needed urgent dental care, the secondhighest rate of all the IHS Areas studied.
Parental knowledge, beliefs, and behaviors about childhood dental health are generally recognized to influence oral health behaviors and to be important determinants of ECC (9, 10) . However, there is a relative paucity of data from AIAN communities, and in particular from California, about the relations between AIAN mothers' oral health knowledge, beliefs, and ECC risk-related behaviors. Additionally, AIAN communities experience barriers to professional preventive and restorative oral health care for their children, often related to structural inadequacies (11) and financial or transportation concerns (12) . There is an extensive body of theory and research showing that health knowledge and beliefs predict behavior (13, 14) and thereby may play an important role in determining oral health status (15) . The development of interventions to address gaps in knowledge or to minimize barriers, for example, rely on baseline information about the target population with respect to these factors. There is a need to develop effective ECC primary prevention approaches specific to AIAN families and communities. In turn, basic population-specific data about oral health care knowledge, beliefs, behaviors, and barriers are needed to develop effective prevention programs tailored to diverse AIAN communities.
Given the general lack of population-specific information on oral health-related knowledge, beliefs, and behaviors among AIAN mothers, this study aimed to initially explore these domains.
The Native Oral Health Project (NOHP) was established to explore these population-specific, oral health indicators of AIAN mothers in Northern California. Specifically, the NOHP contains a set of exploratory studies into oral health beliefs, knowledge, and behaviors; potential barriers to oral health care access; and the acceptability and feasibility of community-engaged oral health interventions. The overarching goal of the NOHP work is to gain preliminary insight into possible predictors of oral health-related knowledge, beliefs, and behaviors with the aim of suggesting potentially important areas for future observational study and intervention development. The present report reflects efforts to understand baseline levels of oral health knowledge, beliefs, and behaviors and to explore the potential relationships among them for use in guiding future study. Our report is based on cross-sectional interview data collected from a convenience sample of AIAN mothers from three northern California tribal communities.
Methods

Recruitment
Recruitment of this population took a community-engaged research approach. Existing relationships with the California Dental Support Center, housed within the California Rural Indian Health Board, Inc. were leveraged for the California Tribal Epidemiology Center to gain access to three tribal communities in Northern California. Advisory board members and liaisons from the three tribal communities were engaged and assisted in facilitating the work of the NOHP. Specifically, a Community Advisory Board (CAB) composed of eight members from the AIAN community across California, including the three communities involved in this study, advised the NOHP. Recruitment methods were varied and included use of radio public service announcements, flyers, brochures, postcards, social media, and tribal liaisons' wordof-mouth communications with community organizations. Events were also held at a variety of tribal facilities and resource centers in each of the three communities during which AIAN mothers were invited to enjoy lunch, receive oral health giveaways (e.g., toothbrushes, fluoridated toothpaste, and dental floss), learn more about the project, and to sign up for the study, if interested. Women were eligible to participate if they self-identified as AIAN, were 18 years of age and were either pregnant or had a child aged 6 years or younger.
Oral health questionnaire
All participants completed a questionnaire regarding their oral health knowledge, behaviors, beliefs, and barriers to care, as well as basic socio-demographic information. This project used a modification of a survey instrument originally created by the National Institute of Dental and Craniofacial Research (NIDCR) Early Childhood Caries Collaborating Centers (EC4) (16) which was designed for use in caregiver populations with children aged 0 to 5. The survey incorporates constructs from several health behavior theories (14, (17) (18) (19) to explain the likelihood that individuals will engage (or do not engage) in positive oral health behaviors.
The paper-administered questionnaire, included 25 true/ false questions about oral health knowledge and beliefs, 10 yes/no oral health behavior questions related to ECC disease, and evaluated seven self-reported barriers to oral health care, including whether mothers and/or their child(ren) had access to insurance that covered dental care, such as California's Medicaid insurance, Medi-Cal. We also assessed which factors influenced women's ability to attend children's dental appointments. All questions were close-ended.
Data analysis
Descriptive analyses were conducted on participant demographics and response frequencies of questionnaire items. Two scores were calculated by summing the total numbers of questionnaire items answered correctly for oral health knowledge/beliefs (possible score range 5 0-25) and oral health behaviors (possible score range 5 0-10). Questionnaire responses were determined to be "correct" based on the widely accepted professional recommendations for oral health care in pediatric populations, including recommendations made by the American Academy of Pediatric Dentistry (20) . Correlation analyses and one-way analysis of variance (ANOVA) were conducted to examine bi-variate associations between demographic indicators and the calculated scores. An additional barrier index score was created to reflect the accumulated burden of reported barriers. A dichotomous cut-off point was established for each barrier based on the type of response scale used for the item. The cut-point for a dichotomous choice (e.g., Yes/No) barrier item was the relatively higher risk response (e.g., "no dental insurance"). For a multi-point response scale (e.g., length of child's dental appointment measured in 15-minute intervals), the cutpoint was the upper tertile of the scale based on a frequency analysis (e.g., longer dental appointment indicates barrier). The barrier index score was created by summing the number of barrier items for each respondent (range 5 0-7) and was then used in models to examine associations with demographic indicators and oral health behaviors.
For demographic indicators that had a bi-variate relationship with oral health behaviors in the one-way ANOVAs (P < 0.10), a series of analysis of covariance (ANCOVA) tests were used to further assess associations between social demographic indicators and oral health behavior. Each ANCOVA used the average AIAN maternal oral health behaviors as the outcome variable and a maternal demographic indicator as a predictor variable in the model. Due to the small sample size available in the NOHP study and the resulting low statistical power, only one demographic indicator was included in the model at a time. Mothers' positive oral health knowledge score and barriers to oral health care were entered as covariates in each ANCOVA.
The NOHP protocol received approval from the Institutional Review Board of the California Rural Indian Health Board, Inc.
Results
A convenience sample, comprised of 53 AIAN mothers aged 18-51 years old (median age 5 29 years old) from three tribes in Northern California, completed the study questionnaire. Table 1 shows demographic characteristics of the sample, including comparative data for a subset of demographic variables on AIAN women in Northern California that were obtained from the 2011 to 2012 California Health Interview Survey (CHIS) (21) . In comparison to available data from CHIS, the women in this study were more likely to have postsecondary education (58.5 versus 41.1 percent, respectively), although fewer were employed (39.6 versus 64.5 percent), either full-or part-time. Frequencies of annual household incomes below $20k among women in the NOHP were similar to that of AIAN women in the comparable Northern California counties. Of the 53 women enrolled, approximately half reported their oral health as either "fair" or "poor," despite 71 percent reporting they had visited a dental clinic in the past year. Most of the women had dental insurance for themselves and their child and reported that their child had seen a dentist in the past year.
Questions related to oral health knowledge and beliefs and the related answer frequencies are presented in Table 2 . Participants displayed high levels of oral health knowledge, with an average individual score of 88 percent answered correctly (range 5 0.40-1.0). Knowledge-belief related items about the importance of baby teeth and whether or not soda/pop affects a child's teeth were answered correctly with the highest frequencies (Table 2 ; items 15 and 18). While it was not formally assessed whether participants were familiar with the concept of fluoride varnish, the knowledge-belief related item about how often fluoride varnish should be applied to children's teeth was answered correctly with the lowest frequency ( Table 2 ; item 11).
Questions related to oral health behaviors and the related answer frequencies are presented in Table 3 . A total of 10 ECC risk-reducing behaviors were assessed. On average, mothers reported engaging in half of these behaviors, with individual reports ranging from 1 to 7. Mothers most frequently reported that their children regularly attended routine dental checkups or cleanings (Table 3 ; item 1). Mothers reported brushing/wiping their child's teeth/gums just before bed with the lowest frequency, followed by reports of at least two applications of fluoride varnish on their child's teeth during the past year (Table 3 ; items 6 and 9).
The barriers to care (Table 4 ) most frequently identified were those that reflected demands on time, including time spent attending children's dental appointments (38.5 percent). Of participants who were employed (N 5 18), 55.7 percent reported that they missed work one or more times to take their children to the clinic for a dental appointment during the past year. In general, mode of transportation (13.2 percent), time of travel to the appointment (9.4 percent), and insurance status for the child (1.9 percent) or themselves (3.8 percent) did not appear to be barriers for the majority of mothers in the study. A total of 11.3 percent reported that there was a time they could not get dental care when they needed it during the past 12 months. Overall, we found that 72 percent reported experiencing at least one barrier to oral health care and 42 percent experienced two or more barriers (range 5 0-4).
Results of the zero-order correlation analyses indicated that higher education status was significantly correlated with oral health knowledge and beliefs (r 5 0.296, P 5 0.04) and reports of positive oral health behaviors (r 5 0.299, P 5 0.03). Employment status (being employed) was also associated with positive oral health behaviors (r 5 0.278, P 5 0.05). The correlation of median income was not statistically significant with positive oral health behaviors (r 5 0.165, P 5 0.26) or knowledge and beliefs (r 5 0.195, P 5 0.18), although median income was positively associated with education status (r 5 0.277, P 5 0.05). When considering the relationships among oral health indicators, knowledge and beliefs were positively correlated with behaviors (r 5 0.325, P 5 0.02).
The bi-variate relation of each demographic indicator with positive oral health behaviors was assessed further with bivariate tests using one-way ANOVA. The one-way ANOVA Note: Percentages reported for mothers' correct responses only (correct item response in parentheses). A total of six survey items required mothers to provide "yes/no" responses; four survey items required mothers to select multiple choice responses associated with number of times per year/day; five survey items required mothers to provide "true/false" responses; and nine survey items required mothers to provide "good/bad/ does not affect" responses. 52.8 How often does your child eat sweet or sugary foods? (Rarely/never or at least once per week but not every day) 54.7 How often does your child drink sweet or sugary drinks? (Rarely/never or at least once per week but not every day) 58.5 In past week, how often did your child eat or drink something other than water after brushing teeth/wiping gums and before going to sleep? (0 times)
28.3
How often does your child put anything in his/her mouth that has just been in someone else's mouth? (Never) 34.0 During the past year, has your child had fluoride varnish put on his/her teeth? (Yes) 56.6 If your child has had fluoride varnish put on his/her teeth, how many times during the past year has your child had fluoride varnish applied? (Two or more times)
30.2
How often do you brush your own teeth? (Twice or more per day) 52.8
Note: Percentages reported for mothers' correct responses only (correct item response in parentheses). A total of three survey items required mothers to provide "yes/no" responses; six survey items required mothers to select multiple choice responses associated with number of times per year/week/day; and one survey item required mothers to answer multiple choice responses associated with the general frequency of an oral health behavior.
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results are presented in Table 5 and indicated that education and employment status were significantly related to positive oral health behaviors (P 5 0.03 and 0.05, respectively), relationship status was marginally related (P 5 0.07), and median income was in the expected direction but not statistically significant (P 5 0.26). The three demographic indicators (education, employment, and relationship status) with the strongest bi-variate association with positive oral health behaviors were then included ANCOVA to assess the relation of each with positive oral health behaviors after controlling for mother's oral health knowledge and number of barriers to care. Due to small sample size and resulting low statistical power, a separate ANCOVA was conducted for each demographic indicator. Table 6 shows the ANCOVA results when education status was included as the independent variable in the model and number of barriers and mother's oral health knowledge and beliefs entered as covariates. Mothers with higher education had a higher mean score for positive oral health behaviors. There was a statistically significant relationship between number of barriers to oral health care and average number of positive oral health behaviors (F 5 5.35, P 5 0.03), which indicated that mothers with a higher number of barriers and higher oral health knowledge scores had a higher mean score for positive oral health behaviors. In sum, mothers' higher education status was found to be associated with higher average positive oral health behaviors after accounting for mothers' oral health knowledge and beliefs and mothers' barriers to oral health care. Additional ANCOVAs using employment status and relationship status as indicators did not find significant associations with average oral health behaviors after controlling for oral health knowledge and beliefs and barriers to oral health care.
Discussion
Findings from this convenience sample suggest that oral health-related knowledge, beliefs, and barriers may play a role in oral health behaviors, after accounting for various Unknown or no response 9.4 *Indicates response category defined as a barrier. †Total of employed mothers (n 5 18) was the denominator used for this item. demographic indicators. Over half of the participants (53 percent) reported their oral health as "fair" or "poor" and 72 percent reported having one or more barriers to oral health care. Mothers' education (high) and being employed were positively associated with better oral health behavior scores.
There was a significant relationship (P 5 0.03) between high number of reported barriers to oral health care and low oral health behavior scores. Despite generally high-level oral health knowledge, perceptions of self and child oral health remain low in this sample of AIAN mothers. Importantly, the factors that we identified as being associated with oral health behaviors in this sample of AIAN caregivers were similar to those found in other health disparities populations.
Findings from this sample of Northern California AIAN mothers are reflective of the extensive body of theory and research showing that parental knowledge, attitudes, and beliefs influence oral health behaviors (13, 14) . Parents have varying knowledge of caries etiology and risk, and their beliefs and attitudes are in part dependent on their culture and heritage. Data on the relationship between knowledge and beliefs as related to dental care behaviors among AIANs are limited. Findings add to our knowledge base on the extent to which AIAN parents face obstacles that may decrease compliance with professionally-provided preventive practices and also may limit access to preventive and restorative care for their children. Several potential barriers to oral health care were assessed in the NOHP. Some of the most commonly reported barriers involved the time spent traveling to appointments, the time spent attending children's dental appointments, and the need for employed mothers to take time off from their jobs. In general, neither insurance nor transportation issues appeared to be significant barriers to most mothers in the study. The absence of a transportation barrier in the NOHP contradicts other research (12) which indicates traveling long distances in rural areas to get to dental clinics is a major barrier that limits AIAN access to needed oral health care. The reasons for this are unclear but could be due to any one or combination of factors such as greater access to transportation, less difficult terrain and/or weather, etc. The absence of insurance and transportation barriers in the NOHP may be due in part to the relatively high education status of participants in this convenience sample compared to AIAN women in Northern California rural counties (21) . In addition, some participants in this relatively small sample may not live in the most far-removed rural areas.
Various socio-demographic factors may also influence parents' oral health behaviors. For example, being employed (22) and being in a relationship (23) were associated with positive oral health behaviors. Similarly, mothers in the NOHP who had attended college or attained a college or graduate degree reported engaging in more positive oral health behaviors. This is consistent with prior research which showed that higher education status has been associated with positive oral health behaviors (24, 25) . This finding also reflects the wider value of higher education of tribal members (26) and suggests that policymakers continue to advocate generally for advanced educational opportunities for AIAN people (27) . Although health education for parents and caregivers is recommended (28, 29) , it has generally not been shown to be effective, by itself, in reducing caries (30, 31) . Such factors underscore the need for developing culturallysensitive, targeted interventions in AIAN groups.
Recent research demonstrated the relation among caregiver/ child health status, caries status, and positive oral health knowledge and behaviors (32) . Caregivers with 3-to 5-year-old children enrolled in a Navajo Nation Head Start Center completed questionnaires at enrollment with concomitant evaluation of children for decayed, missing, and filled tooth surfaces (dmfs). Oral health knowledge and behavior outcomes were compared with convergent measures (participant socio-demographic characteristics, oral health attitudes, and indicators of oral health status). They found that caregivers' oral health knowledge was significantly associated with education, income, and oral health behaviors. Behaviors were significantly associated with several measures of oral health attitudes and all but one measure of oral health status. As the caregivers' oral health behaviors score improved, their children's dmfs scores declined, child/caregiver overall oral health status improved, and pediatric oral health quality of life improved (32). We found that, on average, the AIAN mothers in the NOHP sample reported more correct responses to survey items about oral health knowledge and beliefs than to items about beneficial oral health behaviors. Although results were in line with the empirical framework for the study and suggest a positive association between oral health knowledge and beliefs and oral health behaviors, the discrepancy between correct answers may warrant exploration in future research. Many health interventions are based on an education model aimed at improving oral health knowledge and beliefs in hopes that oral health behaviors will also improve. In the case of AIAN mothers, it may be that interventions will be most effective if they target oral health knowledge and beliefs and also focus on making improvements in specific oral health behaviors, i.e., skill-building. For example, with the NOHP study sample, interventions could be tailored to improve oral health knowledge and beliefs and also to work directly with mothers specifically to record and reduce the numbers of times children eat or drink something other than water after brushing teeth or wiping gums before going to sleep and teaching parents to assist with and correctly brush their children's teeth. Another behavior-focused intervention approach for mothers in the NOHP study could involve working with mothers to identify opportunities for fluoride varnish applications for children and to facilitate scheduling or utilization of available services, including dental appointments for children. Future research about discrepancies between reported correct, or beneficial, oral health knowledge and beliefs and oral health behaviors among AIAN mothers would also inform prevention and intervention practices. This additional knowledge would be especially useful for medical and dental practitioners to shape clinic-based health education initiatives, as well as be available for use by non-clinicians working in relevant non-clinical, social services settings (e.g., WIC programs, HeadStart, etc.) for their educational efforts.
There are additional avenues for future research based on the findings from this baseline data on AIAN mothers in the NOHP study. An important limitation of our work is the small sample size and the extent to which our convenience sample may, or may not, be representative of other AIAN mothers in Northern California, or elsewhere. In addition to increasing the sample size and drawing a representative population sample involving more tribal groups and other recognized AIAN entities, future work could more closely examine whether demographic indicators and/or oral health knowledge and beliefs interact to influence oral health behaviors for AIAN mothers. For example, in our sub-group analyses, we observed that single, employed mothers reported the lowest level of positive oral health behaviors. While this finding was not statistically significant (P 5 0.7), it may merit further exploration in a larger study, as it may be advantageous to target interventions to those particular groups that could gain the most benefit. Finally, in future research, it will be important to examine longitudinal relations between demographic indicators, oral health knowledge and beliefs, oral health behaviors, and barriers to oral health care for AIAN mothers.
Our findings indicate that knowledge alone may not be effective in promoting positive oral health behaviors and predicting oral health status in AIAN caregivers. This is in agreement with the results recently reported by a major randomized controlled trial on caries prevention in AIAN children (33) . In addition to more thorough investigations into the relationships among oral health knowledge, beliefs, and behaviors, future research in AIAN populations needs to include investigation into the perceived value of oral health as a potential mechanism in the translation of knowledge into practice (34) . Effective oral health promotion strategies in AIAN communities will likely require a multi-pronged approach that includes providing culturally appropriate community outreach and community-engaged education to prevent ECC; making linkages between pediatric primary medical care and dental care; and developing and funding programs specifically designed for improving oral health and reducing multiple levels of barriers to dental care access for AIAN mothers and children. Strategic health policies are needed to support oral health research, prevention, and intervention initiatives and to coordinate care between primary care physicians, dentists, and other early childhood education and healthcare providers in AIAN communities.
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